In this paper, spatial domain verification of the haze of dependence and the dynamic evolution process of the spatial panel data model was based on the estimation of different factors that influence on the horizon haze effect and spillover effect from the perspective of spatial economics. e study found that the provincial space is dependent on Chinese haze; the influence of haze on neighboring provinces of the spatial spillover effect factors is obvious during the period of 2000∼2015; the effect of elastic coefficient of industrial structures on the haze near the space overflow area energy is high; thus the industrial structure has a significant inhibitory effect on the haze; the role of regional industrial transfer haze governance has been very fruitful; population, economic growth, financial development, and fiscal decentralization to reduce haze inhibiting the spillover effect of regional haze were increasing. In the formulation of haze-related policies and development planning, the government departments must take into account the spatial mechanism of regional haze and influencing factors and realize the overall reduction of haze amount in time dimension and spatial dimension in China.
Introduction
Haze has become a problem of people's livelihood. In the nineteen major reports, it is pointed out that improving the well-being of the people's livelihood is the fundamental purpose of development. e people's livelihood should be treated with iron wrist, meet the new expectations of the people, guarantee the improvement of the people's livelihood, do a good job in energy conservation, emission reduction, and environmental governance, and integrate the economic development and environmental protection policies. President Xi Jinping promised to reform the ecological civilization system, including not only the construction of the ecological environment and the development of the high-tech green industry but also the responsibility of the government to respond to the livelihood of the people. Haze is a combination of fog and haze. Fog is the product of condensation of water suspended in the air. It is the phenomenon of specific climatic effects after the continuous accumulation of fine particulates emitted from human activities beyond the carrying capacity of atmospheric circulation. Haze is composed of sulfuric acid, organic hydrocarbon, or dust in the air, resulting in atmospheric turbidity. Fog and haze is a state of air pollution. Fog and haze is a general expression of suspended particles in the atmosphere. PM2.5 refers to particles less than 2.5 microns in diameter and also the culprit of fog and haze weather. In recent years, under the five development concepts of innovation, coordination, green, openness, and sharing, our governments at all levels have made great efforts in harnessing the haze. At the same time, we should also see that the formation of haze has a complex cause, so it is a long and arduous process to harness the haze. To achieve the strategic goal of building beautiful China and national sustainable development, we must actively adopt scientific methods to promote energy conservation and emission reduction, hard to orientate fog and haze pollution propaganda.
Literature Review
At present, scholars at home and abroad have studied the haze problem from different angles. Lancet points out that foreign literature will lead to the main driving factors of haze to generalize human factors and natural factors [1] [2] [3] [4] . Natural factors include temperature, precipitation, wind speed, relative humidity, sunshine temperature, and time. Human factors include population agglomeration, such as urbanization, regional trade, and industrial development. Li et al. studied the regulatory costs related to the haze from the market perspective and found that the initial market expectation provides the corporate social responsibility report and the company's corporate pollution industry is not subject to overregulatory costs, but with the government's attention to produce greater expected regulatory costs [5] . Evanoski-Cole et al. studied the sources of regional haze and found that ammonium nitrate was the main contributor to haze events [6] .
e domestic and foreign studies of haze control are mainly analyzed in different perspectives, such as Nurhidayah from the legal point of view that a good legal framework is very important for haze control [7] ; Lee et al. [8] have studied the problem of cross-boundary haze regulation, and pollution and climate change are often affected by the state. e impact of participation in the strategy, the cross-border haze act passed by the government of Singapore, plays a leading role in environmental protection and ecosystem protection. Domestic scholars mainly study the haze problem from different fields of view, and Liu and Zhang from the political point of view point out that strengthening the construction of local government is an effective means to solve the increasingly serious fog and haze pollution. From the perspective of economic development [9] , Zheng and Yang analyzed the causes of the fog weather and proposed the establishment of regional intergovernmental cooperation mechanism [10] . Li et al. analyzed the causes of the haze weather in Beijing, Tianjin, and Hebei Province from the energy structure angle and put forward the comprehensive control and haze treatment measures [11] . Ma and Zhang believe that China's transformation of coalbased energy consumption structure and optimization of the industrial structure is the key to haze control [12] . Jutze and Gruber believe that atmospheric pollution is crossregional and stated joint measures should be taken to control and for monitoring pollution to find out the causes of pollution and reduce pollution sources [13] . Lee et al. [8] have studied cross-border smog and haze regulation. Pollution and climate change are often affected by national participatory strategies. e government's cross-border smog and haze act has a leading role in protecting the entire ecosystem. Maddison used spatial econometric methods to study the correlation between environmental pollution and prevention in Europe [14] . In 2014, general secretary Xi Jinping pointed out that the fog and haze pollution should be taken active measures from the aspects of industrial adjustment, joint control, and management according to law.
erefore, based on the dynamic evolution, space accumulation, and spatial linkage, this paper systematically studies the spatial pattern evolution, influence factors, and spatial spillover effects of haze in the province of China.
The Spatial Effect Test of Regional
Haze in China
Space Effect and Space Test eory.
How to distinguish objectively whether there is a spatial effect of regional haze is the first problem to be solved in spatial econometric model analysis. In real life, completely independent observations are not universal. e traditional econometric model is based on the assumption that the observations are independent, and the observation samples are spatially independent. In the analysis of real economic behavior, spatial econometrics take into account the difference in spatial interaction between individuals, that is, the spatial effect, and the traditional econometric model has the independence and homogeneity in space [15] . Getis points out that there is a closer spatial relationship between the observed variables and the variable data far away from the observed data with spatial attributes [16] .
e economic effects are mainly manifested in two kinds of spatial interaction: spatial dependence, also known as spatial correlation, and spatial heterogeneity.
Space Effect
Spatial correlation is also known as spatial dependence, which generally refers to the spatial autocorrelation between variables, and the spatial correlation is introduced into the traditional econometric model through the spatial lag factor of variables [17] . Spatial dependence also means that, in the course of sample observation, observations on a single space unit are related to observations in other space units and will be affected by other observations. Spatial dependence not only indicates that the observational values in space are lack of independence but also imply that the potential lies in the spatial correlation data structure, which means that the spatial correlation intensity and pattern pointed out by the first law of geography are determined by the spatial pattern and the spatial distance [18] . e spatial dependence of the substantive space reflects the spatial interaction of each unit [19] [20] [21] . e spatial element of this hypothesis is often inconsistent with the boundary of the research problem, which leads to the measurement error.
Spatial heterogeneity, also known as the spatial difference, refers to the lack of uniformity in the geographic space of the observation unit, the existence of not equilibrium, and the spatial structure difference between the main behavior [22] [23] [24] [25] [26] . Spatial heterogeneity reflects the instability of the spatial observation unit in economic practice, and the heterogeneity of geographical location and development stage in the economic and geographical structures will lead to greater spatial differences in economic and social development.
Space Effect Test.
e test methods of spatial autocorrelation can be divided into two types: global spatial autocorrelation test and test spatial autocorrelation test. Moran's I, Geary's statistics, and joint count statistics are used in all domain autocorrelation tests. e global spatial autocorrelation indexes of Moran' I and Geary's are usually used to test the spatial effect of the whole domain, and the local spatial autocorrelation indexes mainly include Moran's index and local domain index and scatter plot.
Autocorrelation Test of Whole Space.
e global spatial autocorrelation tests the overall distribution of certain phenomena to determine whether the phenomenon is clustered in a specific area. Local spatial autocorrelation tests local spatial clustering, which indicates the location of convergence and can detect spatial anomalies.
Moran's I Index.
e definition of the index is as follows:
where
, and Y i represents the observational values of the I region (such as fog and haze) and N is the total number of regions (provincial), representing a binary adjacent space weight matrix, representing any of the elements in it, using the adjacent matrix (contiguity matrix) and the distance matrix (distance matrix), to define the mutual proximity of the space objects. Among them, the weights are set according to the adjacent distance:
1, when regional i and regional j are adjacent, 0, when regional i and regional j are not adjacent,
where i � 1, 2, . . . , N; j � 1, 2, . . . , M; and m � n or m ≠ n.
According to the distribution of geospatial data, calculate the expected value of normalized Moran's I:
For normal distribution of spatial data, the variance formula is
e Z value of the test statistic can be calculated based on the above formula, and the significance of null hypothesis can be judged according to the Z value of the test statistic. If the significant level of 0.05 (or 0.1) is less than 0.05 (or 0.1), the absolute value of the test statistics obeying the normal distribution is greater than the critical value of 1.65 (or 1.96), indicating that the regional haze has a significant spatial dependence on the spatial distribution.
Autocorrelation Test of Local Space.
Local spatial autocorrelation test is an important part of exploratory data analysis in spatial statistics, and it can judge spatial association patterns in different regions.
e spatial autocorrelation of the whole domain describes the spatial autocorrelation model of the haze in China, but because of the difference between regions, the spatial structure of the local area is ignored and the spatial dependence of each region cannot be reflected. When the whole-domain spatial effect test proves that there is a global spatial correlation conclusion, we need to further use the local index and the Moran scatter plot to prove the possible local significant spatial correlation effect. According to Anselin's view, the local Moran's I index of the I observation unit is a special case of the local spatial association index LISA, which can be defined as the following expression form:
Among them, the deviation between the observed value and the mean value is expressed. In order to explain the spatial weight matrix in a standardized form, it is conventionally assumed. erefore, I i represents the weighted average product of Z i and observed unit observations around unit I. e correlation of the local space can be analyzed by the Moran exponent scatter graph. e Moran scatter plot can further distinguish the spatial connection form between the regional unit and the adjacent unit and identify the different units and the transition paths of the spatial distribution.
Accounting for China's Fog and Haze and the Result of Space Effect Test
e haze in 30 regions of China was calculated, and the spatial autocorrelation and local spatial autocorrelation tests were used to analyze the spatial effects of regional haze and whether there was a significant spatial cluster effect.
5.1.
Accounting for China's Haze. As a new key research topic in the field of economic construction in China, the haze problem is also the biggest problem involved in the coordinated development of the world's relations. erefore, how to accurately measure the haze is the key to the problem.
Advances in Meteorologye primary task of haze treatment to improve air quality is to control PM2.5. erefore, this paper uses the research data about haze at home and abroad, uses the international geoscience information network center of Columbia University and the PM 2.5 year concentration of aerosol optical thickness by satellite loading equipment, and refers to the monitoring number of the environmental Protection Bureau of China. According to the information, the reliability of China's haze is high. Moran's I index of each year has passed a significant test of 5% of the significant level, and the range of Moran's I index is between 0.3678 and 0.5044. It is proved that the haze level between the 30 provinces of China has a significant spatial autocorrelation spatial dependence, that is, the spatial correlation model, so the regional haze is not in the space distribution. During the whole sample period, the spatial distribution of haze in China showed a spatial cluster pattern as follows: relatively high regional fog and haze tended to be adjacent to other provinces with higher fog and haze levels, and relatively low haze levels tended to be adjacent to other provinces with lower fog and haze levels. is indicates that the level of provincial fog and haze is related in space, so it cannot be assumed as an independent observation value.
Autocorrelation
It can be seen that the spatial autocorrelation of regional haze is obviously changed with time. In 2001, the spatial dependence of haze in China is obviously enhanced, but the number of Moran's I in 2006 began to decline, the spatial correlation intensity of regional haze decreased and also the space of 2011. e relative intensity is relatively large, but it decreases rapidly, which indicates that the spatial dependence of the haze in the provinces of China has the change trend of the inverted "U" type which is first enhanced and then weakened. e spatial autocorrelation of regional haze shows that the haze level in a province is not only affected by haze in the region but also affected by the surrounding area. erefore, it is necessary to consider the mechanism of spatial haze to study regional haze more accurately.
Analysis of Moran Scatter Plot.
e spatial correlation between haze in different provinces is preliminarily calculated based on the global Moran's I statistics and null hypothesis test. e average Moran haze I of 30 provinces in China during 2000∼2015 was 0.467452 (it can be seen in Figure 1 ), and it can be proved that there is a positive correlation between fog and haze in the neighboring provinces of China. But the whole-domain Moran's I has great limitations; for example, some provinces have positive correlation (spillover effect), and other provinces have negative correlation (reflux effect). After the two are counterbalanced, the whole-domain Moran's I may show that there is no correlation between the provinces. erefore, this paper analyzes the haze of China's 30 provinces and regions in 2000, 2015, and 2000∼2015 in three time periods by Moran dispersion.
As can be seen in Figure 2 , in the first quadrant of the province in 2000, Beijing, Shandong, Anhui, Hebei, Jiangsu, Henan, Tianjin, Shaanxi, Ningxia, Shanghai, and Hubei are the cluster models of high fog and haze level and high spatial lag. e provinces of the second quadrant are Shanxi and Inner Mongolia, which have low haze level and high altitude-the negative autocorrelation cluster model of interlag.
e provinces of the third quadrant are as follows: Jiangxi, Sichuan, Liaoning, Hunan, Fujian, Guangxi, Guangzhou, Guizhou, Jilin, Heilongjiang, and Yunnan, showing low fog and haze level and low spatial lag negative autocorrelation cluster mode. e province of the fourth quadrant is Xinjiang, showing low haze level-the negative autocorrelation model of low spatial lag. e province across the quadrant of the first and second quadrants is Zhejiang. e provinces across the second and third quadrants are Hainan, Qinghai, and Chongqing. e provinces across the first and fourth quadrants are Gansu.
In Figure 3 , the first quadrant of the province in 2015, Beijing, Tianjin, Shanghai, Shandong, Liaoning, Hubei, Jiangsu, Anhui, Hebei, and Henan showed a cluster model of high haze level and high spatial lag, and the provinces of the second quadrant are Zhejiang and Shanxi, showing low haze level and high spatial lag-the negative autocorrelation cluster model. e provinces of the third quadrant are Jiangxi, Heilongjiang, Shaanxi, Hunan, Ningxia, Gansu, 
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Guangxi, Guangzhou, Guizhou, Chongqing, Fujian, Qinghai, and Sichuan, etc.-the negative autocorrelation cluster model of low fog and haze level and low spatial lag; they are low negative fog and haze level and low spatial lag negative autocorrelation mode. e provinces across the first and second quadrants are Inner Mongolia and Hainan.
In Figure 3 , Beijing, Shandong, Tianjin, Jiangsu, Shanghai, Henan, Anhui, Hebei, and Hubei are located in the first quadrant of the province in 2000∼2015, showing a cluster model of high fog and haze level and high spatial lag.
e provincial region of the second quadrant is Zhejiang and Shanxi, which are shown as low haze level and high spatial lagging negative autocorrelation cluster model. e provinces of the third quadrant are Shaanxi, Jiangxi, Liaoning, Chongqing, Gansu, Guangzhou, Guangxi, Guizhou, Jilin, Qinghai, Fujian, Inner Mongolia, Sichuan, etc., are negative autocorrelation cluster models with low fog and haze level and low spatial lag. Xinjiang and Ningxia showed low negative correlation between low haze level and low spatial lag, and the provinces across the first and fourth quadrants were Hainan. According to the spatial Moran's scatter distribution in the four quadrants in 30 provinces of China in 2000 and 2015, the provincial distribution shows that the common feature is the positive spatial autocorrelation in the geographical space. e scatter plot of Moran's I in 2000 shows that 73.33% (22) provinces have similar spatial correlation, of which 36.67% (11) provinces are in the first quadrant (HH: high haze intensity and high spatial lag) and 36.67% (11) provinces are in the third quadrant (LL: low haze intensity and low spatial lag), and Moran's I in 2015. In the scatter plot, 80% (24) provinces have similar spatial correlation, of which 33.33% (10) provinces are in the first quadrant (HH: high haze intensity and high spatial lag) and 46.67% (14) provinces are in the third quadrant (LL: low fog haze intensity and low spatial lag). According to the results, it is further proved that there is a significant spatial correlation between provincial haze and even spatial dependence and the spatial autocorrelation is increasing.
Spatiotemporal Dynamic Analysis.
e spatial and temporal evolution of Moran's I scatter diagram in China is further analyzed based on Rey's space-time transitions. ere are four types of spatiotemporal transition measures: type I, type II, type III, and type 0. Type I transition represents only the transition of the provincial unit itself. e type II transitions represent only the transitions of provincial units adjacent to the provincial regions, such as HH, HL, HL, HH, belonging and type III. Type III is also divided into two types: type III A and type III B, in which the type III A transitions represent the same transition direction in the provincial unit and its adjacent province. For example, in HH-HH, HL-HL, LH-LH, and LL-LL, type III B transitions represent the same inverse of the transition direction of the provincial unit itself and its adjacent provinces, such as HH, LL, and HL, and there are no transitions in the provincial and adjacent provinces. In Advances in Meteorologythis paper, the results of provincial haze detection in China in 2000 and 2015 are shown in Table 2 . e detection of high and low value haze in 30 provinces of China in 2000 and 2015 showed obvious spatial imbalance and spatial continuity characteristics. According to Table 2 , comparing the transition types of the Moran' I scatter point of haze levels in 30 provinces of China in 2000 and 2015, it can be seen that, during the period of 2000∼2015, the main transition mode is to maintain the same level of type III in the province and its adjacent provinces, and the 21 provinces belong to the transition type III A transition (the transition path is HH to HH and HL to HL). e 3 provinces Shaanxi, Ningxia, and Liaoning are typical regions of type III B transition. e transition paths are HH to LL and LL to HH, respectively. It shows that the fog and haze level in the 80% of province shows the space stability relatively, and the haze level spatiotemporal transition is relatively less than that of the three types, belonging to type I. e province has the typical Jilin region (the transition path is LL to HL), and the two quadrants of Zhejiang, Hainan, Qinghai, Chongqing, Gansu, and Inner Mongolia belong to the atypical transition region at the same time. According to the evidence, there is no significant displacement in the spatial cluster structure detected in the whole period, and it can be judged that the regional fog haze level has a serious path dependence on the spatial geographic distribution and has the characteristics of significant agglomeration and low liquidity.
Local Spatial Autocorrelation Test.
Local spatial correlation test is needed in order to further study the spatial dependence of regional haze specific areas.
e Moran scatter plot does not obtain the specific level of the local saliency level of the provincial haze. e map and the significance of the regional agglomeration can show the spatial correlation and the significance of the local area more intuitively and can also provide evidence for the convergence of the haze. red region indicates that the province of high fog and haze is surrounded by other provinces with higher fog and haze levels, which belong to the high haze cluster area; the blue region represents the province of low fog and haze. e region is surrounded by a lower haze level in a lower haze cluster province; the gray area indicates that the province of low fog is surrounded by a province with high fog and haze level, a haze of space outgoing provinces, and the pink area is surrounded by a province of low fog and haze, which belongs to the haze space. Outlying provinces are white areas representing regions with little spatial effect.
According to Figures 4 and 7 , we can see that the haze of four provinces in Guizhou, Guangxi, Guangdong, and Hunan of China in 2000 passed the significant level test of 1%.
e haze of 6 provinces Yunnan, Fujian, Zhejiang, Jiangxi, Heilongjiang, and Jilin had passed the 5% significant level test; the two provinces Heilongjiang and Jilin were located in the H-H high type. e 8 provinces of Yunnan, Guizhou, Hunan, Jiangxi, Fujian, Guangxi, Guangdong, and Zhejiang are located in the L-L low value agglomeration region. e H-H high type value agglomeration area and the L-L low type concentration zone all represent the positive correlation between the fog and haze concentration in the neighboring provinces, and the other provinces are in no special characteristics and regional spatial outliers.
According to Figures 5 and 9 , we can see that the haze in provinces Yunnan, Hunan, Guizhou, and Guangxi of China in 2015 passed 1% significant level tests, and the haze of 5 provinces Heilongjiang, Jilin, Jiangxi, Fujian, and Guangzhou had passed 5% significant level tests; Heilongjiang and Jilin were located in the H-H high value agglomeration area; Yunnan, the expensive state, Hunan, Jiangxi, Fujian, Guangxi, and Guangzhou provinces are located in the low value agglomeration area of L-L, and Hainan is located in the regional spatial outlier area.
According to Figures 6 and 8 , we can see that the haze in provinces Yunnan, Hunan, Guangxi, and Guizhou of China passed the 1% significant level test, and the haze in 5 provinces of Guangdong, Jiangxi, Fujian, Heilongjiang, and Jilin had passed 5% significant level tests; Heilongjiang and Jilin were located in the H-H high value concentration zone; Yunnan, Guizhou, Hunan, Jiangxi, Fujian, Guangxi, and Guangzhou provinces are located in the L-L low value cluster area; the other provinces have no special characteristics and regional spatial outliers. Based on the comprehensive analysis of the regional LISA cluster map and the LISA saliency map (as shown in Figures 4-9) , it can be seen that the haze in China has formed two different spatial agglomeration areas: first, Heilongjiang and Jilin, which is the center of high fog and haze level of the spatial cluster area composed of the surrounding provinces, and the second, Hunan and Jiangxi, which is the center of the haze space cluster area with its surrounding provinces.
Spatial Econometric Model of Regional
Haze in China ere are spatial autocorrelation in regional haze in China according to the previous evidence. If we use traditional econometric methods to study the difference of regional fog and haze, it is necessary to use the spatial econometric model to consider the spatial effect of regional haze. First of all, the specific form of the spatial econometric model and the method of test estimation are introduced. In 1979, the Holland economist Paelinck proposed the concept of the spatial econometrics model, and the spatial econometrics developed rapidly. Cliff and Ord [27] put forward the corresponding parameter estimation and test technology for the spatial autoregressive model, and the scholars of Anselin and other scholars have combed the theory of spatial econometrics. rough the continuous efforts of experts and scholars, spatial econometrics has gradually developed and developed and has formed a systematic theoretical framework of spatial econometrics, which has been widely recognized in the application of economic status. As a branch of econometrics, spatial econometrics mainly takes into account the correlation among individuals and considers the heterogeneity of an individual and has better estimation properties and application prospects. At present, the spatial econometrics model has been widely applied in the multidisciplinary field of society, and it is also one of the hotspots in spatial econometrics. e spatial econometric model is used to study the spatial effect of economic phenomena into the econometric model. According to the different embodiments of "spatial dependence," the spatial econometric model is divided into two types: spatial lag model (SLM) and spatial error model (SEM) type. e spatial econometric model helps to improve the oversimplified time-series model and provides a more practical and flexible model for the spatial impact factors, especially the inter-regional spatial impact factors in China. As the existing research panel data model is dominated by a fixed effect, the spatial lag model, spatial error model, generalized space model, and geoweighted regression model are mainly introduced. 
where Y represents the dependent variable, X represents the exogenous explanatory variable matrix of N × k, ρ represents the spatial autoregressive coefficient, λ represents the spatial error coefficient of the dependent variable of n * 1, W 1 and W 2 represent the space weighted matrix of n * n, and u represents the random error vector of the normal distribution. When it is zero, the corresponding model is a spatial lag model. When it is σ 2 I n , the model is a spatial error model. e spatial lag model (SLM) mainly studies the economic behavior of an economic unit affected by the economic behavior spillover of adjacent units and is a regression model of the spatial lag factor in the model. e expression of the spatial lag model is as follows:
where Y represents the dependent variable; X represents the exogenous variable of N × k; and W y is a spatial lag factor, which is a spatial regression coefficient, reflecting the spatial dependence of the observation value of the sample, that is, the direction and degree of the influence of the observed value W y on the observed value Y in the region, and can show whether the dependent variable has diffusion in a region. at is the spillover effect; W is the spatial weight matrix of n * n order, and u represents the random error term vector. e influence of an independent variable X on the dependent variable Y is reflected by an parameter. Spatial lag variable W y is an endogenous variable, which indicates the effect of spatial distance on regional haze. Regional haze is affected by economic environment and cost related to space distance and has strong regional characteristics. Because the spatial lag model is similar to the autoregressive model in time series, the spatial lag model is also called spatial autoregressive model (SAR) . e spatial error model (SEM) disturbance shows the spatial correlation. e spatial error model is needed when the inter-regional interaction is different because the relative position is different. e expression of the spatial error model is as follows:
where the random error term vector is expressed and the random error vector of the normal distribution is expressed by the spatial error coefficient of the cross section of the n * 1 order because of the variable vector. e parameter in the spatial error model indicates the influence of an independent variable on the dependent variable Y. Parameter L is used to measure the spatial dependence of the observed values of the samples, that is, the 
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Not significant (19) High-high (2) Low-low (8) High-low (0) Neighborless (1) Low-high (0) Advances in Meteorology direction and extent of the observed value y of the observed value Y in the adjacent area. e spatial dependence of the perturbation error term is used to measure the influence of the adjacent region on the observation value of the region caused by the error impact of the dependent variable. Spatial autocorrelation (SAC) includes spatial lag condition and spatial error structure:
where t � 1, 2, 3, . . . , T; Y t is y 1t , y 2t , . . . , Y nt , which represents the dependent variable of N section data at t time point; X t is x 1t , x 2t , . . . , X nt , which represents the explanatory variable of the N section data at t time point; u is U 1 , U 2 , . . . , U N , which represents the individual effect of regression equation; u t is u 1t , u 2t , . . . , U nt , indicating the random error term obeying normal distribution; and W is a spatial weight matrix, and the parameter beta represents the regression coefficient of the explanatory variable X t . As a parameter that needs to be estimated, the dependent variable Y t of a region is affected by the influence of the dependent variable Y t on the adjacent region.
e geographical weighted regression (GWR) considers the global regression model's formula:
e geographically weighted regression model (GWR) allows local parameter estimation. e extended model is as follows:
where (u i , u i ) is the spatial coordinates of the I sample points and K (u i , v i ) is the value of continuous K (u, u) at I point. When K (u u , v i ) remains unchanged in space, the model is a global regression model.
Estimation and Selection of Spatial Econometric Models.
According to the endogenous characteristics of the variables of the spatial econometric model, the spatial econometric model is estimated by the traditional least square estimation. e estimated values of the coefficients are biased or invalid, so the least squares estimate is no longer applicable: LM (maximum likelihood estimation), GMM (generalized moment estimation), IV (tool variable estimation), GLS (generalized least squares estimator), and Bayesian method (Bayes method). e following is a brief introduction to the maximum likelihood estimation method recommended by Anselin to study the spatial econometric model. e principle and process of the maximum likelihood estimation for spatial lag model is as follows: first of all, we carry out ordinary least squares regression for the model, calculate the residual of the least squares regression, respectively, and get the parameter ρ value by maximizing the centralized logarithmic likelihood function:
e remaining parameter estimates are calculated, and the maximum likelihood function is LISA cluster map: Y00-15 Not significant (20) High-high (2) Low-low (7) High-low (0) Neighborless (1) Low-high (0) 
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e estimation process of the maximum likelihood estimation of the spatial error model is also an ordinary least square estimate of the model, and the unbiased estimation value of the beta is obtained. e residual error of the ordinary least squares estimate is calculated, and the estimation value of the parameter is obtained by the logarithmic maximum likelihood function:
e iterative iteration method proposed by Anselin is used to deal with the maximization condition:
In general, a certain hypothesis condition is first set. Finally, the maximum condition of the logarithmic likelihood function is derived to determine the estimated value of the model parameter. rough a series of spatial effect tests, such as Moran's I test, maximum likelihood LM-lag test, and maximum likelihood LM-error test, the spatial lag model, and spatial error model are tested, and the spatial correlation exists between the regions. ese statistical methods can also be used to diagnose the estimated results of spatial econometric models. In addition to the use of the goodness-of-fit R 2 test, other common criteria are natural logarithmic likelihood (log L), Akaike information criterion (AIC), likelihood ratio (LR), Schwartz criterion (Schwartz), etc. When the AIC and SC values are smaller and the logarithmic likelihood value increases, the fitting effect of the model is better. ese indexes can be used to compare the classical linear regression model, spatial lag model, and spatial error model of OLS estimation. When the natural logarithm of the likelihood is maximum, the model is best.
e main practice of the existing research is to use the fixed effect panel data econometric model to estimate and then use the likelihood ratio (LR) test. When the likelihood ratio test statistic is more than 0.05, the fixed effect model is selected, or the Hausman test is used to estimate the likelihood ratio, when the Hausman test is used. When the significance level of the test statistic is less than 0.05, the random effect model is chosen as the fixed effect model.
Without considering the spatial correlation constraints, the general least squares regression method is used to carry on the correlation test at the same time, according to the selection of the LM-lag and LM-error significance judgment model. If any one of LM-lag and LM-error is significant, select the model with significant experience; if both LM-lag and LM-error are not significant, the ordinary least squares regression is used to analyze. If LM-lag and LM-error are both significant, the Robust LM-lag and Robust LM-error are judged, and the significance of the Robust LM-lag and LM-error is compared. St LM-lag is more significant than the Robust LM-error, then the spatial lag model is selected; otherwise, the spatial error model is selected.
e main test statistics are as follows: the commonly used R 2 judgment method of goodness-of-fit degree, likelihood ratio, natural logarithmic likelihood function value, red pool information criterion (AKaike information criterion, AIC), and Schwartz criterion (SC). When the logarithmic likelihood function log L is larger, the smaller the Akaike information criterion and the Schwartz criterion value, the better the model fitting effect is. Considering the goodness-of-fit R 2 and logarithmic likelihood function log L of the model, the fitting degree of the model is higher when the value of both is larger.
e Construction of the Spatial Econometric Model of
Haze. In 1970s, Professor of Stanford and a commoner Ehrlich of the United States established the IPAT formula for assessing environmental pressure and studied the mechanism of the effects of population, economic growth, and technological progress on haze. e extended stochastic environmental impact assessment model (Stochastic Impacts by Regression on Population, Affluence, and Technology (STIRPAT)), a revision and extension of the IPAT model, can overcome the shortage of the hypothesis of the IPAT model.
In this paper, the STIRPAT model is used to construct a haze change model to estimate the influence factors on the elastic coefficient of haze and to test the spillover effect in the process of haze change. e IPAT model is an important way to analyze environmental factors:
where I represents the environmental load, P represents the population, A represents GDP per capita, and T represents the environmental load of unit GDP. In 1994, York and other scholars proposed the STIRPAT model on the basis of the IPAT model, which is an extended stochastic model to evaluate the environmental impact through the three independent variables of population, property, and technology and the relationship between the dependent variables:
When a, b, c, and d are all 1, the STIRPAT model is reduced to the IPAT model. a is the constant of the model, and b, c, and d are all exponential terms. e is the error term.
e STIRPATmodel is used to build a quantitative model for the relationship between haze and influencing factors:
where I, P, A, T, S, F, E, EX, U, and FD, respectively, represent haze, population, economic growth, technological progress, industrial structure, financial development, energy price, international trade, urbanization rate, and fiscal decentralization. Taking the logarithm of the haze function (formula (19)) on both sides, it becomes an empirical analysis model:
where a is a constant, b represents the elastic coefficient of population growth to haze in the I region, c represents the elastic coefficient of economic growth, d represents the elastic coefficient of technological progress, e indicates the elastic coefficient of the industrial structure, F indicates the elastic coefficient of financial development, G represents the elastic coefficient of energy price, H represents the bomb of international trade, sex coefficient K indicates the elasticity coefficient of urbanization rate, l represents the elastic coefficient of fiscal decentralization, and I indicates a random term.
Based on the STIRPAT model established in this paper, we construct the provincial haze space panel data model in China and estimate the elastic coefficient and the spatial spillover effect of the haze influence factors in the province.
e econometric model of haze standard panel data without considering the spatial effects is
where I represents the cross section of the province (i � 1, 2, . . . , N) ; T represents the period (t � 1, 2, . . . , T); I it is an interpreted variable, representing a N × 1 vector composed of I region and t period fog, explaining variables P it , A it , T it , U it , S it , E it , EX it , population, economic growth, technological progress, industrial structure, financial development, energy prices, international trade, urbanization rate, and fiscal decentralization observations. e matrix b, c, d, e, f, g, h, k, and l are the constant regression parameters of the constant. e epsilon is an independent and identically distributed random error term, and for I and t to satisfy the zero mean and the same variance, the space effect is expressed as the time effect [], so that the model 21 is a spatial and time double effect panel model; when model 21 is not mixed with it, it is represented as a mixed panel model; when it is removed, the spatial effect panel model is represented; and when it is removed, the time effect panel model is used.
e standard panel econometric model ignores the problem of bias in parameter estimation of spatial effects. erefore, the provincial fog haze function of the spatial effect is included in this paper. e spatial lag panel data econometric model (SLPDM) are needed when the fog haze in the region is determined by the fog and haze observations in its neighboring regions and the observed group of local characteristics:
where ρ is the spatial lag (autoregression) coefficient and W ij are the elements of the space weight matrix W. e weight matrix is processed by row standard, and the sum of the elements of each row is 1. For the setting of W, we use an adjacency matrix to set the weight matrix W.
If the region haze is interpreted by the explanatory variable, it is determined by the observed group of local features and the important variables that are neglected in space (the error term), which is the spatial error panel data econometric model (SEPDM):
where x is represents the error term of spatial autocorrelation and is the coefficient of the spatial error (autocorrelation). In addition to the spatial spillover effect of haze in adjacent areas, if the influence factors in the space adjacent to the haze of the province are also affected, it is necessary to use the spatial Dobbin panel data econometric model (SDPDM):
where W ln P, W ln A, W ln T, W ln S, W ln F, W ln E, W ln EX, W ln U, and W ln FD are the spatial lag variables in the neighboring provincial population, economic growth, technological progress, industrial structure, financial Advances in Meteorologydevelopment, energy prices, international trade, urbanization rate, and fiscal decentralization. e constant regression parameters are estimated.
Empirical Analysis of the Influence Factors of
Regional Haze in China e spatial econometric model of 30 provinces in China, Tibet, Taiwan, Hong kong, and Macao is selected to establish the spatial econometric model. Because the haze management is involved in the whole economic system, the influence mechanism of the haze in the areas of economy, technology, finance, and policy is studied. Taking the fog and haze levels in each province as an explanatory variable (I), the factors affect the nine different horizons: population (P), economic development level (A), technological progress level (T), industrial structure (S), financial development (F), energy price policy (E), international trade (EX), and urbanization rate (U). In order to make it easier to compare and analyze the econometric model of the explanatory variable (FD), the traditional panel econometric model regression analysis and the spatial panel econometric model regression analysis are carried out at the same time.
Spatial Econometric Models and Results
First, the general panel model is used for regression. Hausman test was used to decide whether to establish random effect model or fixed effect model and then set up a general panel data model. According to the results of the study in Table 3 , we can see that the Hausman test value of the panel data model is 20.8925. rough the significant test of 0.05%, the original hypothesis of establishing the random effect model is rejected. erefore, the fixed effect model should be used.
Secondly, the effect of space spillover is tested. e least squares regression was performed by MATLAB software, and LM-lag, LM-error, Robust LM-lag, and Robust LMerror were tested simultaneously. According to the results of Finally, we compare and analyze the estimation results of the three models of the common panel data model, the spatial lag panel data model, and the spatial error panel data model. According to the previous results, the three models, such as the ordinary panel data model, the spatial lag panel data model, and the spatial error panel data model, should be estimated with the fixed effect model, and the data used in this study are processed logarithmically, which can avoid the existence of the estimation process to a certain extent.
In this paper, the panel data model is selected to greatly increase the sample size; at the same time, the sample's degree of freedom is improved, the multiple collinearity of the explanatory variables is reduced, and the error is reduced. At the same time, the estimation results of the spatial lag panel data model, the spatial error panel data model, the fixed effect, the time fixed effect, and the individual time double fixed effect are compared and analyzed.
According to Table 6 , the spatial error model of haze in provinces of China and the model of the space Durbin model and the test results show that the logarithmic likelihood values of the spatial fixed effect model SEPDM model IV and the SDPDM model VIII are 559.2720 and 570.5510, respectively, and the corresponding goodness-offit coefficients are 0.9728 and 0.9736, respectively. All of them are relatively high. According to the actual situation in China, the economic meaning of the model is obvious.
erefore, this paper chooses SEPDM model IV and SDPDM model VIII to empirically study the elastic coefficient and its spatial spillover effects of various haze factors in China.
Estimation and Analysis of Coefficient of Spatial Lag Panel Data Model Results.
e estimation results of SEPDM model IV in Table 6 show that the technological progress, industrial structure, and energy price elasticity coefficient are positive, and the industrial structure has a significant positive effect on the growth of haze, but the technological progress and the energy price have not passed the significant test. Under the conditions of other factors, the increase of 1% of the industrial structure can lead to the growth of haze in China by 0.1574%. It may be related to the current industrial structure in China. Population, economic growth, financial development, international trade, and urbanization rate have negative effects on haze, economic growth, and urbanization. e rate has passed a significant level test. Economic growth per 1% increase will make China's haze growth decline by 0.2475%, which is consistent with the characteristics of haze in China.
Estimation and Analysis of Coefficient of Spatial Data Model of Durbin Panel Results.
e spatial fixed effect SDPDM model VIII in Table 6 shows that population, economic growth, technological progress, financial development, international trade, and urbanization rate coefficient are negative; that is, the growth of haze has a negative effect. Under the conditions of other factors, the growth of economic growth is 1%, which can lead to the haze drop in China as low as 0.2185%; the urbanization rate increased by 1%, resulting in the haze reduction of 0.1014% in China; the upgrading of the industrial structure in adjacent areas could reduce the spatial spillover effect of 0.3511% of the fog and haze; and the effect of energy price on the fog haze in adjacent areas was verified by a significant test, resulting in 0.6211% space spillover effect, and the haze had a significant spatial overflow effect.
erefore, combining the influence of the haze to the elastic coefficient, we can see that the haze problem caused by the industrial structure in our country needs to be solved, and the spatial mechanism of haze influence factors should be considered.
Spillover Effect and Analysis of Spatial Lag Panel Data Model and Spatial Durbin Panel Data Model Results.
e regression results of Table 6 also show that ρ (0.7386) of the spatial lag effect SEPDM model IV and the value of ρ (0.6670) of the fixed effect SDPDM model VIII have passed the significant level test. It can be seen that the haze growth of the provincial region will all lead to the neighboring provinces in the case of considering and without considering the adjacent lag effect of the explanatory variable space. Fog and haze change.
erefore, it can be proved that when analyzing regional haze growth, the traditional panel data model without considering spatial effects is biased. At the same time, the spatial lag factor of the industrial structure is significantly negative, which indicates that there is a significant spatial spillover effect in the industrial structure of the province and the 0.5% significant test, which shows the effect of the inter-regional industrial transfer on the haze. Energy prices have significantly reduced the growth of haze in neighboring provinces. It can be concluded that there are obvious spatial spillovers in the haze-influencing factors and haze growth in the neighboring provinces. It is proved that there is an interaction between the explanatory variables in the provincial haze model and interaction between the explanatory variables. In the process of haze growth in the provincial region of China, the different haze influence factors in one province can lead to the rise or decline of fog and haze growth in the neighboring provinces. e influence factors in the province and the influence factors in the neighboring provinces have little difference, which drives the change of the haze in the province of China, and this space spillover effect is in the low carbon region of China. Economic transformation is of great significance, so we should strengthen the regional linkage governance of haze in the time and space.
China's economic development is in the period of rapid economic development. China's economic growth generally plays a higher role in haze control.
e promotion of technological progress on haze control should attract the attention of the government and relevant departments. Energy price has no significant effect on haze control. To improve the effect of energy price on haze control, we need to consider the applicable environment of policy. We can achieve the goal of haze management, accelerate trade transformation, and combine other factors to achieve haze management combining the factors of the industrial structure upgrade and low-carbon international trade. At the same time, we should realize that the effect of haze factors on haze is different. We should formulate corresponding regional targets and measures to reduce haze and achieve the haze control of the whole national according to the actual development situation of each province and the different relationship between haze and different factors. 
Discussion
It is highlighted that haze was influenced by different influencing factors which need to be systematically monitored and managed to control the provincial area. In this research, the spatial agglomeration and path dependence of haze are analyzed considering the spatial effect. e results of the spatial panel data econometric model are of great significance to future regional haze control planning policies. is paper introduces the basic theory of spatial dependence and spatial heterogeneity of spatial effects in geoeconomics and further introduces the methods of testing and estimating spatial dependence and testing methods of global and local spatial autocorrelation. Spatial correlation tests were conducted on haze data from 30 provinces in China during 2000∼2015.
e value Moran's I of annual and 16-year average of China between 2000 and 2015 are significantly positive. It indicate that there is a significant positive autocorrelation spatial correlation model in China's regional haze, and this degree of association is changing year by year, so the policy of haze related should be considered. In order to control haze, we should implement different strategic measures according to the different characteristics of the region and, at the same time, realize regional linkage mechanism to get out of the haze prevention dilemma. e Moran's I scatter plot further proves that there is a significant spatial dependence in the haze level in the province of China, which is positive correlation. Most provinces have similar cluster characteristics with adjacent regions, and the provinces with higher fog and haze level are surrounded by high fog and haze levels. e spatial and temporal transition analysis of the Moran's I scatter point shows that the haze level in China has a serious path dependence in spatial geographic distribution, which has obvious characteristics of agglomeration and low mobility, and it is quite difficult for each province to get rid of its own cluster. By the LISA test, the local spatial autocorrelation test results show that the haze in China has formed the spatial agglomeration area of haze in the regional spatial distribution: the high fog and haze area in Heilongjiang Province and Jilin Province is in the center and the surrounding area with Yunnan, Guizhou, Hunan, Jiangxi, Fujian, and the haze area. Guangxi and Guangdong with Zhejiang as the center together with the surrounding areas constitute low haze level areas of the space cluster, according to China's haze spacetime performance.
Conclusion
Until now, there is no systematic study on the spatial and temporal evolution characteristics and path dependence of haze combined with spatial effects. e problem of haze joint prevention and control is analyzed considering different regional influencing factors. Considering the spatial agglomeration characteristics of haze, according to the spatial and temporal evolution characteristics of haze, haze control is achieved by combining the characteristics of regional population, economic development, technological progress, industrial structure, financial development, energy prices, international trade, urbanization rate, and fiscal decentralization. Accelerating regional energy conservation and emission reduction, organic integration of economic development and technological progress, active regulation and control of green financial policies, and the process of urbanization must be taken into account in regional and surrounding regional environmental governance as the premise, and the fiscal policy is inclined to green sustainable development.
According to the conclusion of spatial correlation and spatial evolution of the spatial pattern of fog haze in China's provinces, considering the mechanism of the spatial effect, the related theories such as spatial lag economic model, spatial error economic model, and panel data spatial econometric model are introduced, from population, economic development, technological progress, industrial structure, financial development, energy prices, international trade, urbanization rate, and fiscal decentralization are selected as explanatory variables to analyze the impact factors of haze. It can be seen that different factors have different mechanisms of carbon emissions in different provinces and regions, and there are great differences among regions. According to the regional characteristics, different regions actively carry out energy saving and haze reduction and combine the spatial spillover effect of inter-regional haze control to achieve the overall haze cosssntrol.
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